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生物群落尤其是参与氮循环的功能微生物为研究对象，以 16S rRNA 基因和功能
基因（氨单加氧酶基因 amoA、肼氧化酶基因 hzo、硝酸盐还原酶基因 narG 和亚




（1） 对生物量丰富的桐花树生境下 1 米深沉积物进行氨氧化古菌（AOA） 
amoA、氨氧化细菌（AOB） amoA 和 hzo 基因文库构建，得到 AOB amoA 基
因共分为 16 个 OTUs，AOA amoA 基因共分为 7 个 OTUs，hzo 基因共分为 11
个 OTUs；系统发育分析结果显示，AOA 属于中温泉古菌-奇古菌门，与数据库
中最相近序列比对得到 AOA amoA 基因最大相似性为 77%-94%，AOB amoA
基因最大相似性为 77%-93%，hzo 基因蛋白序列最大相似性为 83%-91%。说明
红树林湿地沉积物中参与硝化作用和厌氧氨氧化作用的功能微生物类群具有丰
富的多样性与新颖性。 
（2） 对原位沉积物不同深度的功能基因 amoA、 hzo 和 16S rRNA 基因丰度进 
行定量分析，结果表明：AOA amoA 基因丰度显著高于 AOB amoA 基因（丰度
比为 23~200:1），说明在此生境下，AOA 对硝化作用的贡献高于 AOB；从功能
基因垂直分布来看， hzo 和 AOA amoA 基因丰度随沉积物深度增加逐渐降低，
说明厌氧氨氧化作用和 AOA 参与的硝化作用逐渐减弱，AOB amoA 基因丰度
随沉积物深度增加逐渐升高，说明其参与的硝化作用逐渐升高。对原位沉积物
















基因丰度与这些环境参数无显著相关性，hzo 基因丰度与 pH 值相关性显著。 
（3） 以原位红树林沉积物添加尿素构建微宇宙实验体系，研究氮素输入对红
树林沉积物微生物群落氮输出功能的影响。通过沉积物 DNA 和 RNA 水平的













































As is well-known, the nitrogen cycle is one of the most important 
biogeochemical cycles in mangrove ecosystem. Microorganism is the important driver 
in this cycle and they are mainly involved in nitrogen fixation, nitrification, 
denitrification, anaerobic ammonium oxidation, ammonification and DNRA. The 
development of metagenomics, metatranscriptomics and molecular biotechnology is 
so fast in recent years, they support the studies on the diversity, abundance and 
physiological activity of functional gene in nitrogen cycle. However, the importance 
of archaea to nitrification and the release of fixed nitrogen as dinitrogen gas (N2) to 
the atmosphere in mangrove sediments were not well understood. In this study, the 
sediment samples were obtained from Yunxiao Mangrove National Nature Reserve, 
China, to investigate the microbial community especially those are involved in 
nitrogen cycle. Quantitative PCR，and clone library construction of functional genes 
(AOA amoA, AOB amoA and hzo) were used to investigate the microbial community 
structure and diversity at different depths in mangrove sediment, as well as the 
distribution, abundance and diversity of nitrogen cycle involved microorganisms. 
Also, the correlation among nitrogen cycle involved genes abundance, expression 
activity and the nitrogen transformation were studied by microcosm construction. The 
results are as follow: 
(1) The community composition of AOA, AOB and Anammox in the Aegiceras 
corniculatum sediment with depth of 1-meter revealed by gene clone library 
showed there were 16 OTUs, 7 OTUs and 11 OTUs of AOB amoA, AOA amoA 
and hzo genes, respectively. Phylogenetic analysis showed that all the sequences 
of AOA amoA gene belonged to Thaumarchaeota with the similarity of 77%-94%; 
the simiality of AOB amoA gene sequences was 77%-93% and that of hzo gene 
was 83%-91%. These results indicated the highly diversity and novelty of 
functional microbes community which involved nitrification and anaerobic 
ammonium oxidation in the mangrove sediment. 















depths of mangvove sediment showed: 1) the abundance of AOA amoA gene is 
higher than AOB amoA gene, indicating that the AOA has greater contributions 
than AOB in the nitrification; 2) hzo and AOA amoA gene abundance decreased 
with depth, indicating that the processes of anaerobic ammonium oxidation and 
nitrification performed by AOA amoA gene declined; 3) while the gene 
abundance of AOB amoA increased with depth, indicating its nitrification effect 
enhanced. The correlation analysis between environmental parameter and gene 
abundance showed 1）AOA amoA gene abundance significantly correlated to C/N, 
water content and ETSA; 2) there was no significant correlation between AOB 
amoA gene abundance and selected environmental parameter; 3) hzo gene 
abundance significantly correlated to pH. 
(3) The research on microcosm with urea is to explore the nitrogen export by 
funtional microbes in response to the supply of urine-N substrate. The 
quantification of amoA,hzo,narG and nirS gene in DNA and RNA level shows 
that N remove occurs in the cooperation of nitrification, anaerobic ammonium 
oxidation and denitrifiation. The contributions for N remove by nitrification are 
more in median urea concentration. Nitrifiers have a very good adaption to 
different concentration of nitrogen in nitrification. The anammox compete NH4
+ 
with nitrifiers in nitrogen cycle. The results also showed that the nitrogen cycle 
microbial community possess strong nitrogen output function. The denitrifiers 
have more contributions than anammox in N remove. 
Keywords: mangrove sediment,   microbial community,   nitrification,  




































































厚壁菌门占 10.5-13.8%，放线菌门占 5.4-12.2%，拟杆菌门占 3.8-11.8%，绿







     红树林沉积物的微生物空间分布受各种因素的影响，如温度、降雨、植物
生长和凋落物及其他环境因子等。张瑜斌[10]研究了福建九龙江口秋茄林与白骨







性，空间分布及丰度情况，发现 AOB 丰度高于 AOA，尤其是在红树植物周围，




































1.1.1.4   红树林湿地微生物的净化功能 
 
       红树林位于河口入海处，是阻止陆地污染向海洋生态系统扩散的一道坚
固大门，是海洋污染净化工程的重要参与者，而红树林微生物则是肩负这一使命
不可替代的“特种兵”。 
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